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Biochemistry 

T^mas R. Fubbst", Edward G. ,W. F . W^uah ^^^^^ 



Co^iuca/^ by MchardB. S<t*»w, J«.> *. 1986 
a RCTRACT ON A coding for bftcteHopfa&ge T7 RNA poly- 
^^^SiSthto the vaccinia virus genome. The ntonh 
^^^r^ed ^^^^^ 
polymerise In mammalian ecus. TM^P^J*" 

cLS^Tb, inserting dna «gmw«s that 

^rCvridase or chJorjunphenitrf acetyUrnKrerBsc Into » ptas- 
SStSta^SpWT7 J»r»«ot«- -nd termtaa*orr«e*». 

aodlrB»tf ectrd *ilh plan*!* eootatata* W 

"rajSj early region. Hie v^Inla/T7 bybrM win tor«sUtai 
JSb^TST, "Pin, wUWy applicable, nd 
mammslr—' expression nystem. 

^S2fTac~ P">vW e imperial* iM* «. J** £ 
e^tfusc and We* expression, hui impose a nwb«- of 

SSbHuSm T wot«>lytic processing, glycosytatiim, *ecrc- 

teToirceUy i« bacteria. For these n»*ons. eitkmyottc eeUs 
^Slli t^-r oflnuiMi of oukaryotic genes. Wo con- 
SS^^ybriST^Sr Yystemlbai would utflUe the 
J^e^t ^teriShage T7 UNA polymerase in a 
c^vo^ eo viro^ieni rote* have significant auvMiagw. 

analytic activity and strict promoter »P«^W 
tasSready found wide application far m «tosgitaea** 
tm aSl as the baas for high-level gene expression systems 

„ "varvotic UNA polymerase m a eokaryowcen. ho wever. 
L P SnS^«neat for mRNA » be processed- ^PP^ ; 
^-mviAtTd and polyadenylylated. It would seem that at the 
vexyTe^e^r *eT^ MtA polymerase would have to be 
JrSLSrtedfromits site of synthesis in the cytoplasm Wlo the 
Sffi STceU or else the eukaryotic RNA-moAfyuig 
C «»ld have to function in ito ^JW^aJr? 
stmccv explored here involves the introduction of the 17 
RNA nolvmerase Rene imo a cytoplasmic virus. 

Pox^seTSm^rise a widespread family OfDNA vmises 
U^^c^andTpHc-te their WA: » *|£^ m - 
Vaccinia vims, the prototypal member of this femdy. has a 
£rgeTearX«We4an<^ 

transcription system including U NA polymerase. 

The pubKealtoD eo** af th,» article were iclrzyri 
^SeTTWsimicU murt therefore be tercby mjAcd ^rtar^nf 
£££wlan» with 18 U.S.C. S1734 sckly 10 laduate ttut Oct. 



cappuig/methylaUOK enzymes, and poljKA) P^f^ ^; 
Additional advantages of vaccinia vmis include us torge 
cmSriwfor foreign DNA 16). genome stabaty. «d wide 
"St Mc. These characteristics have bceno* 
the development of vaccinia virus as aeukary^c 
III" vector (7. 81. In th»s communication, we describe 
ftfc^^oTrf « infectiotlS recomr^tvaccir^ Virus 
4at^nthesi2e» T7 BNA pc^ymerasojwd the use of A* 
recombinant in » simple., widely applicable, and highly 
efficient trtirisient-expre«ion system. 

MATERIALS AND METHODS 
Erovmes. Enzymes were supplied by the companies i«il- 
eaSd and used tn accordance with their Js^domh. to- 
So7endonticleas« were from Bethesde Rescsrch Lab- 
SSSriM. New England BioLabs. oxBoAru^Mwmhwm. 
TbeKtenow fragment of DNA porymerase I and T4DNA 
BgasTwere from New England Btalabs. Qdf mtcjdnal 
Xtae phosphatase was obtained from Boehrlnger Mann- 

^Vfcw and CeUs. Vaccinia vftus (strain WR) was orightally 
obSXmthe American Type Culture OoUeetjon. repb. 
cMWdto HeLa cells, and purified as reported previously («• 
S^Us^reTo^n in Eagle's mintaal essentW med^m 
sunpktiiiented with 5% horse serum. HnmanTK" 1««1U 
SSTwSa grown in Ease's medium with 1^ fe^bovu« 
serum (FBS) and 25 W ofS-t^moderavun&ne (BrftW) per 
mTcV-1 monkey kUtoe>- celh vv«e jgwn u» Dulbeccos 
modified Basle's medium containing 10% 

MtfmUs. pOS53 contains the vaccinia virus P7J promot. 
„.Zv*tBlnm and Sme ! restric^ dtes f or insern^of 
foreimgenes, and thymidifte kinase CTOOarJangseveiwes. 
i? m^rffrom the previously described pGSZO vector (11) . 
prSly « the use of pUClS 02) P^^ff^f ° f 
pBB32T(13) and TK flanking sequences derived from the 
Wyeth strain Of vaccinia virus instead of the WR strata. 

preparatloo and Ckmtae of DNA. Itecombinant ptonads 
wc^constnicud and used W transform bacteria tbllowtag 
^ methods of Mamatis et «/. (14)- PU^smids jPV-^ 
by the altadineNaDodS04 method as described by ftmbwm 
and Dc5ytt^and purified by CsCVetWdium broonde equi- 
^uTdensity gradieni contrifugatioa .Plasm-Is were rou- 
tindv checked by agarose gel electrophoresis to ensure that 
mVmajoS^DNA^s in the sapercoitol conQnu^n. 
DNAfragments were isolated from low-melnog-point 
S^drfollowing the BMp4 Richer & ScbueTO 
nwthod.DNA was extracted from purified virus as described 

<W. 

Abbievlauou.; TK. thym^^: 
ryuransfeiase; eat. S=™= eocndiaB CAT, « s >_»™ wwc 

fTo whom reprint requeit! sboiild be addresses. 
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Biochemistry: Fuerst tt aL 

teAttion of Recombinant Virus. CV-1 cells ^ 
withO 05 DiaQUe-fonnine units of wiW'typc vaccuna virus per 

plaamW as described (9>- Recombliiant viru^s formwl^ 
homologous recombination of the forcigii sene mto ^ TK 
Locus were selected by plaque assay « ™ J* J£? 
monolayers io the presence of BrdUrd 
recombtoam virus plaque were distioguisted W«x>nta- 
™TK- mutant virus by DNA PNA dot blot Motion 
(91 After two consecutive pjaquc purifications, recombinant 
K^^pSby iofS ft' M «JT monolayers in 
the presence ofBrdUrd, and then large stocks were made in 
HeLa cell* without selection. 

Transient Assay CoodWom-For ^*¥*^*^^ 
cells were grown to 8096 confluence m 25-crf < flasks (-2^5 X 
10^ c^s) infected with either pvxi^d i^cStypc or 
remnant vaccinia vims, at n ^^^^^fe.^ 
forming units perccU-The virus was aUowcd to adsorb for30 
mhTaTarC with occasional rocking of the plate. TTie 
Soculum was then removed and 1 ml of c^ewm phosptoic- 
nrecipiuted DMA (10 fig of recombinant plasnud and 10 pg 
pT^^s^rm DNATwas added. After min at room 
Sm^erawe^frcsh medium containing 2.59b FBS was added 
Jo^hVflask was incubated at ^^j^^J^^J 
24 hr after infection and suspended in the m^^dbuffct. 

To compare the levels of expression obtained with tne 
vaccinia/T7 and more conventional transient systems, care 
was taken to follow the conditions described by Gorman et at. 
(17). On the day prior to transection, tow passagc^umber 
(<10 passages) CV-1 cells wet* plated at * density of 2.3 x 
10 6 cells per 25-cm 2 flask and were refed with fresh medium 
containing 10% FBS at 3 hr before transection. A 2*nbi 
glycerol shock was performed at 3 J hr after tnmsfeciion, and 
cell lysates were prepared at 48 nr. . . . - v - 

T7 RNA Prfymenee Assay, Transfected tt ' in&Cted CV-1 
ceUs (-2-5 * 10*) were resuspended m 0.25 ml or U.U1 aa 
Tris-HQ, pM 7,6/0-01 M Nad/1-5 mM MgO, and Dounce 
homogenized. After ccntriftigauon p 1-5 *d or cytoplasmic 
sirocrnamiii was assayed forT7 RNA polymerase at 3rC uj 
25-j4 mixture* containing 40 mM Tris-HQ (ptt 8.0); 8 mM 
Mf£l 2 : 2 mM spermidine; 50 mM Nad; 1 mM each ATT\ 
CTP, and UTP; 5 /iM [a^PjGTP; W mM dJthiQthrertol; 1 jig 
of pTFLZ-1 template; and 40 units of RN**m (Promega 
Biotcc, Madison, WT). At various times the reac^os wert 
stopped by addition of 0.05 ml of 50 mM EDTA/0.1% 
NaDodSO^ corUamiug 100 ag P 1 ^?^ * J^JtL 
foUowed by incubation for 60 min at Samples were 
applied to DE-81 paper (Whatman) and washed thrice for5 
min in 596 N^HP0 4 , once with water, and once with 9S9b 
Shlnoi. The samples were dried, and radioactivity was 
measured in a scintillation spectrophotometer. 

AOalRcftosldose Assay. Infected or transfected CV-1 ceUs 
( J2J x 10*) were suspended in 1 ml of phosphate-buffered 
saline, frozen and thawed three times, and dispersed by 
soufcation. The cellular debris was removed by cemnruga- 
tion and the supernatant was assayed for 0*aJactosidasc 
activity, using o-nitrophenyl p-p-galactopyranosidc as de- 
scribed by Mffler (18)- After 30 min at 3VC. the reaction was 
swpped by addition of 1 M CaaCO* and theyeilow cote was 
ouantitited by nieasuring absorbance at 420 nm, £-Galacto- 
sidase activity was recorded as nmol of ^nitrophenol pro- 
duced m 30 min per 2.5 * 10 s ceUs. T . t . 

ChlonuDphenic^ Aeetyltransfei»se (CAT) Aw- Infected 
or transfected CV-1 cells (-2-5 x 10*) were suspended m 0.2 
ml of 0.25 M Tris HCl (pH 7,5). After three D^c2e-thaw 
cycles, the rysates were dispersed by wn^ticui, and the 
suspensions were assayed for enzyme activity as described 
by M&ekeu et a/. (11). 



Proc. Natl Acad, Set. USA 83 (19B6) «123 
RESULTS 

ConstnHtfonof a Recombinant Vecdtti* Mnw Contamhuj 
the B**erivphage T7 RNA Polymerase Gene. Procedures for 
the insertion and expression offorcign genes in vaccinia virus 
have been described in detail P, 11). Vacania virus promot- 
crs arc required to regulate transcription of the DNA wto 
is introduced by homologous recombination into the iw- 
kuobase-pair (kbp) linear doublc-strandcd DNA genome- To 
EaciUiate the use of vaccinia virus as a vector, a series of 
plasmids were made that contain a vaccinia virus promoXtv. 
restriction eodonuclease sites for insertion of foreign DNA, 
and tUnking vaccinia TK sequences to direct recombination 
bSto the TK locus of the genome (9, 11). For this study, we 
used the plasmid pGS53, which contains a promoter termed 
F/J with early and late regulatory signals (19). toj pemit 
c<mtimious expression of foreign gen«. A 2 65^ Dr^A 
ftagment, containing the entire T7 gene 7 cotog^ontorT7 
RNApolyroerase. was excised with BamW from plasnud 
PARITO 120) and inserted into the uniqu e ^ mHI site of 
PGS53 (Fig. 1). A plasmid designated pTP7-3. with the 
^cdnia promoter and T7 RNA polymerase m proper orwn- 
tation, was isolated trom transformed E- cell- PlasmidpTF7-3 
was used to transf ect cells that were infected with vaccinia 
virus, and then TK" recombinant virus plaques were select. 
ed.CorreCt insertion of the T/ RNA polymerase gene in the 



BomHI 




Racombinartf wih» «W* t7 l*NA po*ym< 



Fic. 1- Insertion of bacteriophage T7 gene I mto tite gcnCBiccf 

Sc^CroW pAjU173*nd insetted into the uniqac BamHl sia of 
P^toW?TF7-3' lathe lattixplasinid. tec***gc*^*te 
Swmexase i% dowastream of the vacenna P7J P«™J*J 
X cE7« » Oaniced by the left rTKO and ri^ CTKa) 

CT-l cdla infceted wilh vaconk vims and traaiO^ed witn 
^-TV^t. the «lls were ^us ^ 

Jiaqued on TK" colli in the p« wace of ^r^rd C JBuaR 1. Vjrus 
pSSes were amplified and screened by dot blot hybridization to T7 
gene J DMA. 
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8124 Biochemi«ry: Fuerst «t oi- 

Either plftsmkl pTF7-3 or recombinant virus vTt-7-3 wa3 uscu 

,^^^^1™^^ piasmids contauung 
^^lerToalrol of a mUt virus P"™«? JEL^ 
£E£ transcribed in cells ^^^A pXmems. 

aoSri»in%eU lysates^aTassayed using » ° NA ^™?^ 
ctSig ^promoter. Control e ^^*?fS^ 
rStRNA polymerase activity measured wi**k 
™ no, increased after vaccinia virus tafection (Fig. 2). 

-to7 i hrtwftver ft fiimiflcam increase m activity w« 

simitar DNA template lacking the T7 P™n*^ ^i"^' n 
iheTnzyme assay. Additional cxpenrnetits ^f*"^**^ 
* f RNA polymerase activity ™ .""Jgf*, «*« 
uninfected cells were trwisfected with pTF7-3 * ' when 
infected cells were transfected wi* aplwn£ cartas «be 
T7 gene J without a vaccinia promoter (**■£»< 

Next, we wi*hed to determine wl ^.*^'"^*Y 
SNA polymerase would be expressed when the T7 geoe J, 
under control ofa vaccinia ^^,"^^2 
vaccinia virus genome. As shown in Fig. 2^ f™'****** 
cell extracts contained several times more T7 RNA jpdymer- 
aso activity than was present in cells todbecn 
uausfeeted with pTF7-3 in the presence of wHd-type vaccinia 
vims. This quantitative difference between recombuianl 
virus and transient-expression systems was consistent with 
previous observations U6)- . 

Pwunotem- To determine whether bacteriophage T7 RNA 
Bolymerase made under control of vaccinia vims can function 
in mammalian cells, we constructed piasmids containing 
tureet genes flanked by T7 promoter and terrawation regu- 
LuoW dements. Plasnrid pAR2S29 (A H. Rosenberg, JJL 
Dunn, and F.W.S.. uapubiished work) contains the T7 gene 
70 {A/0) promoter separated by a unique BamM site from the 
T7 termmator T*, which has a potential stem-loop structure 
followed by a run or thymldyUie residues (2). As we 
chose the E. coli p-galactosidase geae Ctoc^l "M teCAT 
gene (to/) derived from the TnP transposon. These genes are 




FIG. 2. Synthesis ot T7 UNA polynx^M. CY-1 f^ s w ^f 
infected »nd nurofceted as deasribed ^„ M °'f^^L"^S. 
After 24 hr, ejurwaa from uninfeeUd cells (o). ceB. i^lrf™* 
vacdnis vfras (.). ecus infected wiUi vaectata ^vtos and *»™*» 
with pTF7-3 ta), or cells infected *ilh vTPMC-) ^EH^fS? 
assayed for T7 RN A polymerase. Incorporation of [«-**j GTP WW 
RNA that bound to DEAE-cennlose filters vnu measureo. 



Prcc. Natl Acad. ScL USA « UW 

in tuTcorrect orientation were desiBnafed pTF7LZ-l and 

■V/e now asked whether vaccinia vims-tnfccted ceus worn" 
«^«TftinuactosWase if they were transfected with ptos- 
mKn^S tht^Bcne I under ^^J"*^ 

T^^ent wroressioo would thus depend on vaccinia vjnis- 
rSKft^tesU of T7 RNA pC^ymcrnsc the ir^llul^ 
runSn8rir*eT7 RNA l^lydierase. ^ r«^« * 
SSsbSbte mRNAfromaT7 nroac^.ttd 
alrokaryodc enzyme. As shown in Table 1, ^galactosidaso 
tald^ectedincell lysate*. Omission of either vaccinia virus 
cTthVpSd con^ins the T7 RNA ^ lvm "*»*^! 
wevented exnression of ^alactosimwe. Negative results 
Sto w« otS with etthertheT7 aenei or the /iicZ gene 
wll^en^d oppositely with respecno the vaccinia or T7 

^^^ntbf^U^e^Z 

^ym^Ss^hr.e^ 
vSuT^T 1), we anticipated that higher waountt^ of > 
^SseWild be produced If cells were »^tedw.th 
SS^Tv^nia vrus vJ^O and then ^ rr^eaed 
with the toeZ plasmid pTFUS;l. As *>*^™**±i g^T 
than twice as much ft*alacto5idase was made whenT7 RNA 

it was expressed from a plasmW- . ~i™ „f 

Wo also wished to compare the transient expieastonof 
UlcZ wider control Of T7 and vaccinia virus promoters. TTie 
v^iX vln^pwnoter used, F7J. was the stwe.MihaX 
r^STng expression of T7 gene J. When cells were mfcewd 
^v^criniavnL, and transtectcd wi* the P^dcontairi- 
IselBczl under control of the vaccinia pramoy^ ^s^M- 
Sdase activity was about 3» of that obtained with the 

vaccinia/T7 transient system. 

^additional comparison was. made whh a recomtartuat 
vacdniTXs that has the to*Z gene, under «HOTDlof the 
$jproinoter. inserwd into the vaednia yirus gewwejln 
Si cW there was no need to wnsfeet wjto a p^mid 
eontaming a target gene. Nevertheless, ^ajnock wasfiechon 
with P UC18 vector was perfwag* * > 0 tt£jfiSJ?te£ 
dons equivalent. The data CTahta » inojeated ttal .teeZ 
exoreuion was actuaUy about 5-fold higher with the 
vaSrnu^sient system than with ^«= z ?^'!l" 
vSTvirus. However, if optimal «««^^'^SS^ 
naotvirus infection are used (i.e.. ^f^^*^?^ 
Pho^hate-preeipitwed DMA is 

recombinant expresses p-gsuactosidasc at a levelth^ is2-a 
u^sWgher Siwiih the vacdnfa/T? transient transfeetion 

^T^nflSS^ CAT. W« considered i, most 
imSSS ^» cSp^Tme vnccinia/T7 tra^W expre^on 
S y£em with more ccmventKmal ^^"""Sj 
cells Since cat is the most common target gene used tor 
co^^ofexP^essionlcvels (17. ^.^rne"?. 31 ^ 
m^nWperformed with facZ were repeated fTabte 1). As to 
Se^Se foS. we fotmd that transk^ f ~ 

from the T7 promoter was higher when the T7 Jf*" 
irtegratedlntoi vaccmia virus than whea it was coowrfcotrf 
onTScond plasmid and that expression was much higher m 
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Proc. NatL Acad. Set USA 83 (1986) W25 




th= vaccinia vims/TZ hybrid system than when the coJ gene 
was expressed directly from the vaccima promoter, 
^^^oQiopariBon. CV-1 eclte were ^^LS* 
pl&Vcat or pSV2cat, which com*m the 
fragment derived from this TnP 

another the enhancer and promoter from ^J^ 9 """* 

early region (17, 22). In order not u> P^udic^ the r^Us^ 
favor of the vaccinia/T7 system, previously described ex- 
Table 1. Transient cLtprctsioa of ^-BalaODadgse and CAT 

Vaccinia 
virus 



Expression 



Promoter, penc Promoter 



W 
W 



17/ 
T7 / 



(cootrol plasotf) 

W T7 J 
VV T7/ 



(control plaamid) 



T7 
T7 
T7 
T7 

w 

T7 
Tt 
T7 
17 
W 



Gene 




CAT 




UOO 




lacZ 


a 




tacZ 


0 




lacZ 


2406 




laeZ 


137 






480 




cat 




1650 






0 


cat 




0 


cat 




4330 


cat 




300 






1430 



Derimental conditions for expression of pSV2cat »»d 
Severe employed. Thus, loTO5«e CV- L ccto sand 
EhxcTOl shock were used > and cell lysates were made a*48 hr 
KSnSoo, The extras were filu^ aod ies^i fm- 
CAT activity. As Ulustraied by the autpradsoffant in Fig. 4, 
^e^mSreTtimes more CAT was made rn ^e v^n- 
S^^tem^n with cither pSV2cat or pRSVcat, More 

«ted that 4560 nmol of cWoramphemcol was 

2.5 x 10 s cell* using the vaccinia/T7 system, compared to 



WT 

WT 
T7 gcae / 
WT 
lacZ 

WT 

WT 

T7 gene I 
WT 

car : _ 

CV-1 cell* were uninfected (-) or were Infected with wiW-typc 

Jrxombiniittt viruses had the foreign gene under «mrol oru* 
SSrvirUS ^ promoter and *^d^^ TK too£ 
Uninfected or infected cell* J^T?Sc ^J^oTuX 
Dlasmids cootaininft either the T7 gene J , (otfZ, oc nc 
SS^O? SevSmia viru* i^Tpronwter (W) «- the TTjWJ 
When cells were infected ^ a fecoinbfa^ v^a^ 
SSseoatairting either lacZ or cat, trtnrfecUoa w»s f^.™^* 
co^SS^lWJnld. Cells were harvested after 24 hr ^d l>^ 

as nmol of product formed in 30 min per 2.5 * 1* ©ells. 




-i 1 mo lnflo ia» i3M irwoO i 

U | VACCVJ1A/T7 GENE 1 H U 

, TF7CAT-1 ■ 1 CA T 



w,o 4 CompariSOD of inmiuenfrexpressicra systems, CcDlys^es 
J^^S^Shrafier infection with vTF7-3 (V»ecini./T7Eene 
^K^^SfcSon wSh the Indicated ptosnud and as*»yed for 

^r&i u piiJ^^ 

So**, with the positions of cMorainphenicol <0 and aeetyiawe 
forms of chlonmrpbcoicol (AcO indicated. 



CO 



o 
o 
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8126 Biochemhtty: FuerU et el. 

^^^^^^^^ 

SSTSu WSr* hf after tratisfcctton (d*a not 
show a). 



DISCUSSION 
Genetic engineering has been used exwnsively 

hoover, this Involved exchanges of coding *<IJ«=f«£™ 
more radical transfer of a traracnptlon 

owy have been critical to the success of the hybrid system for 

8 T«SscriS?'of the T7 UNA pojynterase tar^ecWa 
vlrus-infecWcells Is acoomplithed by 
polymerase and Is therefore dependent oo ^ ^^ °f «bc 
bactcrioohaeo gene to a vaccinia promoter. Expression or TV 
UlRym- could be obtained cither by tr^ecung 
vaedX vu^s-iafected cells, with a P™^°<Snu* 
ehtoeric gene or by integrating the goae imo » "™f*^^ 
shTvAhb the genome of vpecinia vims. Re**"* 11 ™* 
viruses were stable, could be grown to high titer, and 
]£oduceahigher levels of T7 RNA polymerase than 

"TSSSS^SSL. for expression by 17 ^'A^ = 
„e were insetted Into a plaamid ata Diaoue re«rtoon site 
"panning a T7 promoter from a T7 tenftinator- F«Jt^ 
states. The target genes fJaeZ and cat) had ^odalcd 
optional iSoicodcns, but other plasnud vectoisthai 
3y the ATG and appropriate flanking nucle^eseouW 
be used for production or fusion proteins. The key step was 
» Steet tiwse jdasmids into cells that w ^^i3?j££ 
the vaccinia vims recombinant which expressed rheT7 **** 
Kinase gene. We compared the synthesis of 
^t^and CAT by the vaccimVT7 hybrid system to that 
which occurred with a straight vaccinia tranpent-eoipressiou 
,£*»^wSb the lar^enc ^ - v.cc^pro^.tert^d 
to a conventional transienx-aapresslop system (in 
either the enhancer and promoter from the long 
repeat of Rous sarcoma virus orthc early reipon f$™»° 
virus40 was used). The vaccinWT? ayuemj^ 13-to2WbW 
more efficient than the straight vaccinia system *» 
fiOO-fold more efficient than the conventional system. 

The efficiency of the vactiwia/T? traosieirt system, _ corn- 
rJcd to thai of more conventional ones, may be attributed to 
S^faSUs. Since U la possible to infect ussae , cutore 
ceils synchronously with vaccinia virus. aU ceUs should nave 
tTrNA polymerase.. Moreover, T7 UNA polymerase u ^ 
v«ry active enzyme with a 5-fcW faster elongatim. rate than 
U^TofC coU RNA polymerase (1)- Evidently the bacmrto- 
phage cnaytne i» able to function «-thm the oJ^ryodc 
milieu. In addition, sine* the vaccinia vims RNA-njodifying 
enzymes and, presumably, T7 RNA <^vmcmuc ^J?*^ 
in the cytoplasm, the transfected plasinid dc«n«haveto 
enter the nucleus for transcription and inernKNA produced 
does not have to be processed and transported back to the 
cytoplasm for translation. In this regard, a previous report 
(23) suggests that the transport of calcium phosphate.precip- 
Uated DNA into the nucleus may be a limiting actor m 
mammalian transient-expression systems. 

Previous experience with vaccinia virus expression vec- 
tors should be directly applicable to this u^^ten^For 
example, there is abundant evidence that eukaryonc proteins 



Froc. SatL Acad. Set USA S3 (1996) 
made in vaccinia virus-Infected cells are P ra P^ l p ™^f^' 

manunanan and avian orisin are ^mble. ^jy, use 

The T7 promoter Is especially versar^ Because oiiu> 

ftnolvtical purposes because of the simpBaty aim^irauwi/ 
v^wEnTrovided by transiente^preas^^ 
neoes fo^Smid;. However, even Wgber levels of ^ 
f^wbicbartniore suitable forprodoctioo purposes, can be 
SSevadwSen both the T7 K«A P^^J^J^^ 
targeVgeae are carried by vaccinia viros vectors CT-R.F. and 
B.M.. unpublished data). 

Wo thank N. Cooper tor tissue culture cells and M. Merehliwlry 
for helpful discussions. 
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